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(54) Lighting device

(57)  Alighting device having an electroluminescent
device formed on an incident surface of a transparent
substrate. The lighting device is characterized by a
light emitting surface opposite to the incident surface be-
ing formed larger than said light emitting surface, and a
light redirecting member disposed at least in a portion

Fig. 1

of said transparent substrate that is not associated with
said electroluminescent device, wherein light which en-
ters through said incident surface into said transparent
substrate and proceeds toward a direction in which the
light does not exit from said light emitting surface is re-
directed by said light redirecting member to exit from
said light emitting surface.
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Description

[0001] The present invention relates to a lighting de-
vice having an electroluminescent device (hereinafter
referred to as "EL device") formed on the light incident
surface of a transparent substrate.

[0002] Alighting device or an electroluminescent pan-
el (hereinafter referred to as an "EL panel") which in-
cludes the EL device formed over the transparent sub-
strate is conventionally known. The use of a lighting de-
vice for backlighting a display device, such as a liquid
crystal display device is also known.

[0003] An organic EL panelis provided with an organ-
ic EL device in which an anode, an organic electrolumi-
nescent layer ("electroluminescent layer" is hereinafter
referred to as "EL layer") and a cathode which has light
reflecting property are laminated in this order on a trans-
parent substrate. The anode is formed from a light trans-
missive conductive material such as indium tin oxide
(hereinafter referred to as "ITO"). When the organic EL
device is in a light emitting state, the light is emitted from
the transparent substrate side.

[0004] While there is a need that the organic EL de-
vice is formed into a large area, the yield of the organic
EL device decreases due to difficulty of uniformly form-
ing an organic EL layer over a large area because the
thickness of the organic EL device is extremely thin, with
the thickness of the organic EL layer in a range between
several tens to several hundreds of nanometers.
[0005] Japanese Patent Laid-Open Publication
2001-52858 discloses a large area display device or a
large area organic EL panel manufactured by forming a
cell comprising a single unit of the organic EL device
and arranging a plurality of the cells.

[0006] However, when the large area organic EL pan-
el is formed by arranging a plurality of the organic EL
devices having small areas, the areas between adjacent
organic EL devices decreases the luminous of the or-
ganic EL panel. Each organic EL device requires a ter-
minal electrode and an electrode connection line for
connecting the anode and the cathode to an external
driver circuit. The terminal electrodes and the electrode
connection lines are disposed in the periphery of the or-
ganic EL devices. The area where the terminal electrode
and the electrode connection line are formed appears
dark since the light does not transmit therethrough al-
though the organic EL device emits light. In this way, in
a large area organic EL panel formed by arranging a
plurality of organic EL devices, the areas between ad-
jacent organic EL devices appear dark.

[0007] On the other hand, the light which entered the
transparent substrate needs to be emitted with high ef-
ficiency from a surface opposite to a surface facing the
EL devices (hereinafter referred to as a "light emitting
surface"), in order to efficiently use the light emitted from
the organic EL devices. However, since the light emitted
from the organic EL devices is radiated into various di-
rections, the incident angle of the light to the light emit-
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ting surface also can be various values. Further, the
generally used transparent substrates have higher re-
fractive indices than that of the external atmosphere
(generally air).

[0008] Accordingly, the incident light on the transpar-
ent substrate includes light which does not exit from the
emitting surface but exits directly from an end face of
the transparent substrate, which is emitted from the end
face after being totally reflected on the light emitting sur-
face and guided through the transparent substrate and
which is attenuated after entering into the organic EL
layer. In other words, an organic EL panel using the or-
ganic EL device has a significant amount of light that is
not utilized for illumination.

[0009] The presentinvention is devised in view of the
above described problems. An object of the invention is
to provide a lighting device which uses the EL device for
a light source and is capable of irradiating light from an
area larger than the area of the EL layer, by using light
that has not been used effectively in the conventional
art.

[0010] In orderto achieve the above, a lighting device
having an electroluminescent device formed on an inci-
dent surface of a transparent substrate is provided. The
lighting device is characterized by a light emitting sur-
face opposite to the incident surface being formed larger
than said light emitting surface, and a light redirecting
member disposed at least in a portion of said transpar-
ent substrate that is not associated with said electrolu-
minescent device, wherein light which enters through
said incident surface into said transparent substrate and
proceeds toward a direction in which the light does not
exit from said light emitting surface is redirected by said
light redirecting member to exit from said light emitting
surface. Note that the term "transparent” used herein
denotes a property which transmits at least visible rays.
The examples of the light redirecting member are a light
scattering member and a light reflecting member.
[0011] Since the area of the light emitting surface is
formed larger than the area of the light emitting member
of the EL device, a portion of the light entering the trans-
parent substrate from the EL device is guided through
the portions not associated with the EL device of the
transparent substrate. Among the light proceeding to
the portion not associated with the EL device, the ma-
jority part of the light, which did not exit from the light
emitting surface in the conventional and, is redirected
by the light redirecting member to exit from the light emit-
ting surface. Accordingly, the portion of the light that
could not be used in the conventional art is emitted from
the part of the light emitting surface that are not associ-
ated with the EL devices to let the light exit from a larger
area than the area of the EL layer.

[0012] In one aspect, the light redirecting member is
disposed only in a portion which is not associated with
the EL devices. Since the light redirecting portion is not
disposed in the portion of the transparent substrate as-
sociated with the EL device, the light that is incident on
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the light emitting surface with an angle no more than the
critical angle can only be emitted from the light emitting
surface among the light entering from the EL device.
[0013] Inone aspect of the invention the light redirect-
ing member comprises a light reflecting member at least
on the surface opposite to the light emitting surface.
Note that through the specification the term "light reflect-
ing member" denotes a member which is capable of al-
lowing the light guided through the transparent sub-
strate with an angle to the light emitting surface larger
than the critical angle to reflect and to alter the proceed-
ing direction of the light with a smaller angle than the
critical angle. Note that the angle to the light emitting
surface denotes an angle formed between the direction
of the light and the direction normal to the light emitting
surface.

[0014] In this case, since the light incident on the sur-
face opposite to the light emitting surface is reflected by
the light reflecting member, at least a portion of the re-
flected light is emitted from the light emitting surface.
Accordingly, the luminosity emitted from the light emit-
ting surface can be higher compared to the case where
the surface opposite to the light emitting surface is a light
absorbing surface or a light transmissive surface.
[0015] In another aspect the light reflecting member
comprises a plurality of grooves that forming a light ex-
tracting surface which allows light that is guided through
said portion of said transparent substrate to reflect to
exit from said light emitting surface. In this case, the light
proceeding toward the end face of the transparent sub-
strate is reflected on the light extracting surface while it
is guided through the portion that is not associated with
the EL device. The direction of the light is then changed
to direct to a direction vertical to the light emitting sur-
face to be emitted from the light emitting surface. The
reflected light is emitted from the light emitting surface
with higher efficiency in this way compared to the case
where the light reflecting member is a flat surface.
[0016] In another aspect the light redirecting member
comprises a light scattering member. In this case, the
light transmitted through the portion that is not associ-
ated with the EL device toward an end face of the sub-
strate, or the light that proceeds to be incident on the
light emitting surface to have an angle no less than the
critical angle, is scattered at the light scattering member
to change the direction of the light. The luminosity of the
emitted light can thus be increased.

[0017] In another aspect the light scattering member
is formed on the light emitting surface. In this case, at
least a portion of the light that is not capable of exiting
from the light emitting surface if the light emitting surface
is a flat surface because the light is subjected to total
reflection and is incident on the light emitting surface
with an angle which does not allow the light to exit, can
be emitted from the light emitting surface. Accordingly,
the luminosity of the light emitted from the light emitting
surface can be increased.

[0018] In another aspect the transparent substrate is
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formed to have a thickness that decreases as the loca-
tion increases in distance from the portion that is asso-
ciated with the EL device. In this case, the light from the
light emitting surface can be sufficiently emitted in the
portion that is not associated with the EL device com-
pared to a transparent substrate having uniform thick-
ness.

[0019] In one aspect the EL device is an organic EL
device. In this case, the light source can be illuminated
at a lower voltage compared to the case where an inor-
ganic EL device is used.

[0020] According to the invention, light can be irradi-
ated from a larger area than the area of the EL layer by
using light that cannot be efficiently used in the conven-
tional art.

[0021] The invention, together with objects and ad-
vantages thereof, may best be understood by reference
to the following description of the presently preferred
embodiments together with the accompanying drawings
in which:

FIG. 1 schematically shows a cross section of a
lighting device according to a first embodiment;
FIG. 2 is a schematic plan view of the lighting device
of the first embodiment;

FIG. 3 is a schematic cross sectional view of a light-
ing device according to a second embodiment;
FIG. 4 is a schematic plan view of the lighting device
of the second embodiment;

FIG. 5 schematically shows the operation of the
light extracting surface;

FIG. 6 schematically shows a cross section of a
lighting device according to a third embodiment;
FIG. 7 schematically shows a cross section of a
lighting device according to a fourth embodiment;
and

FIG. 8 schematically shows a cross section of a
lighting device according to yet another embodi-
ment.

[0022] Referring to FIGs. 1 and 2, a first embodiment
of the invention that exemplifies a lighting device pro-
vided with an organic EL device is described below. FIG.
1 schematically shows a cross section of a lighting de-
vice according to the first embodiment. FIG. 2 is a sche-
matic plan view of the lighting device of the first embod-
iment.

[0023] As shown in FIG. 1, the lighting device 11 in-
cludes a first electrode 13, an organic EL layer 14 and
a second electrode 15 formed in this order on a surface
of a transparent substrate 12. The first electrode 13, the
organic EL layer 14 and the second electrode 15 form
an organic EL device 16. The organic EL device 16 is
covered by a passivation film 17 in order to prevent the
organic EL layer 14 from contacting with the external
atmosphere. The passivation film 17 is formed from a
material that at least functions to prevent permeation of
moisture (water vapor) and oxygen. In the first embod-
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iment the passivation film 17 is formed from silicon ni-
tride. The organic EL device 16 is a bottom emission
type organic EL device in which the light emitted from
the organic EL layer 14 is extracted (emitted) from the
transparent substrate 12 side.

[0024] The first electrode 13 is formed from a trans-
parent conductive material. In the first embodiment ITO
is used as the transparent conductive material. The
structure of the organic EL layer 14 can be one of any
conventionally known structure. For example, it is con-
figured into a three layer structure of a hole injection lay-
er, an emitting layer and an electron injection layer lam-
inated in this order from the first electrode 13, or a four
layer structure of a hole injection layer, a hole transport
layer, an emitting layer and an electron transport layer.
The organic EL layer 14 is formed to emit white light.
When the lighting device 11 is used for backlighting a
display, a full-color display can be achieved by using a
color filter.

[0025] The second electrode 15 is formed from a met-
al (e.g., aluminum) and has a light reflecting property. In
the first embodiment the first electrode 13 forms the an-
ode and the second electrode 15 forms the cathode. By
providing a light reflecting property to the second elec-
trode 15, the luminosity obtained from the light emitting
surface 12b can be increased.

[0026] The transparent substrate 12 in the first em-
bodiment is formed from a glass substrate. The trans-
parent substrate 12 includes an incident surface 12a
provided with the organic EL device 16 and a light emit-
ting surface 12b opposite to the incident surface 12a.
The area of the light emitting surface 12b is larger than
the area of the organic EL layer 14, which is an emitting
portion of the organic EL device 16. As shown in FIG.
2, the transparent substrate 12 and the organic EL de-
vice 16 of the first embodiment are formed into a rec-
tangular shape in which the organic EL device 16 is dis-
posed in the central region of the transparent substrate
12.

[0027] A non-associative portion 18, which is a region
that is not associated with the organic EL device 16, is
provided with a light redirecting member for redirecting
the light that is incident on the incident surface 12a and
transmitted through the transparent substrate 12 toward
a direction with an angle to the light emitting surface 12b
larger than the critical angle on the light emitting surface
12b, to allow emitting from the light emitting surface 12b.
In the first embodiment light scattering members 19 and
21 are disposed for the light redirecting member.
[0028] The light scattering members 19 are disposed
within the transparent substrate 12 and are provided
with a surface which scatters the light. Used herein, the
term "scatter" denotes reflection or refraction.

[0029] The light scattering members 19 of the first em-
bodiment comprises marks formed by laser irradiation
or a portion of the transparent substrate that has a dif-
ferent refraction index than the surroundings. There is
no limitation to the shape of the light scattering members
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19 so that a shape which enables high light extraction
efficiency can be appropriately designed. For example
as shown in FIG. 1, they can be formed into a spherical
shape or a shape that has a circular cross section. In
this way, when the light scattering members 19 have
rounded surfaces on the periphery (surface), light en-
tering from the same direction can be scattered into var-
ious directions depending on the position of light inci-
dence.

[0030] The positions of the light scattering members
19 can be appropriately designed to have high light ex-
tracting efficiency. For example, the light scattering
members 19 can be either disposed to randomly distrib-
ute light when observed from the light emitting surface
12b side or disposed to randomly distribute light when
viewed from the side face side (as shown in FIG. 1). Fur-
ther, the light scattering members 19 can be disposed
to randomly distribute light when viewed from any direc-
tion.

[0031] The light scattering members 19 are not nec-
essarily arranged to randomly distribute light in the thick-
ness of the non-associative portion 18 (in a direction
normal to the light emitting surface 12b). They can be
arranged for example, denser in the proximity of the light
emitting surface 12b, denser in the proximity of the sur-
face opposite to the light emitting surface 12b or denser
in the core portion of the substrate. The light scattering
members 19 can be arranged to have higher density in
the peripheral portion of the transparent substrate 12
compared to other portions of the substrate.

[0032] Thelightscattering members 19 of the first em-
bodiment are arranged to have higher density in the pe-
ripheral portion of the transparent substrate 12 com-
pared to other portions, where the members are ar-
ranged randomly.

[0033] Since the light scattering members 19 are
formed denser in the peripheral portion of the transpar-
ent substrate 12, light which did not encounter light scat-
tering members 19 in the central portion of the substrate
is capable of being emitted from the light emitting sur-
face 12b by hitting light scattering members 19 disposed
in the peripheral portion. Accordingly, the luminosity of
light emitted from the light emitting surface 12b can be
averaged compared to the case where the density of the
light scattering members 19 decreases in the peripheral
portion or the members 19 are provided uniformly
through the entire substrate.

[0034] The light scattering portions 19 are formed
through methods for providing markings (laser marking
method) inside of the transparent substrate. For exam-
ple, when the light scattering members 19 are formed
through the device and method disclosed in Japanese
Patent Laid-Open 2001-276985, a pulsed laser having
high output is condensed at a portion inside the trans-
parent material such as glass so that energy absorption
occurs at the portion due to the non-linear optical effect
by the application of the intense optical electric field. Ac-
cordingly, damage, a refractive index change and den-
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sity change occur only in the vicinity of the focal point
so that the inner portions can be processed without af-
fecting the surface of the material. In other words, the
light scattering members 19 can be formed in the pre-
scribed positions within the transparent substrate 12 by
positioning the transparent substrate 12 on a stage
which is movable in X, Y and Z directions and by repeat-
ing the condensing operation of the laser irradiation at
the prescribed positions and the displacement operation
of the stage in the X, Y and Z directions.

[0035] An Nd-YAG laser can be used for example as
the laser source. Pulsed laser enables marking with ex-
cellent controllability and pulsed laser having short
pulse width is preferable because the depth of the mark-
ing can be set uniformly. For this reason, a laser source
using pulses below a subnanosecond time scale, for ex-
ample, a femtosecond laser having pulse width on the
order of 10-15 second can be advantageous.

[0036] The timing for forming the light scattering
members 19 on the transparent substrate 12 can be ei-
ther before or after forming the organic EL device 16, or
it can be even while performing the process steps of the
organic EL device 16, for example after forming the first
electrode 13.

[0037] Since the light scattering members 19 can be
selectively formed in the focal points of the laser, the
light scattering members 19 can be formed in the pre-
scribed positions without damaging the surface of the
transparent substrate 12. The degree of freedom in the
design and the process is high with this method because
there is less limitation to the shape and arrangement of
the light scattering members 19.

[0038] Further, since the light scattering portions 19
can be formed in the steps later than the formation of
the organic EL device 16, itis possible to avoid formation
of the light scattering members 19 when the organic EL
device 16 is a failure or defective.

[0039] The light scattering members 21 disposed on
the light emitting surface 12b of the non-associative por-
tion 18 are formed by roughening the light emitting sur-
face 12b. The roughening can be done, for example
through a sandblasting process.

[0040] Light reflecting surfaces 20 and 22 are formed
on the surface opposite to the light emitting surface 12b
of the non-associative portion 18 and the end faces of
the transparent substrate 12. A metal film having a light
reflecting property is formed in the first embodiment.
The surface opposite to the light emitting surface 12b of
the non-associative portion 18 can therefore be a re-
flecting surface. Aluminum can be used for the metal
having a light reflecting property.

[0041] Note that while FIG. 1 schematically shows the
constitutions, the thickness of the first electrode 13, the
organic EL layer 14 and the second electrode 15 are in
fact approximately in the range of several tens to one
thousand nanometers while the thickness of the trans-
parent substrate 12 is about in a range between 0.5 and
1 mm. The thickness of the passivation film 17 is formed
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no less in thickness than those of the first electrode 13,
the organic EL layer 14 and the second electrode 15,
however, the scale of each constitution is shown differ-
ently from the actual scale for convenience of illustration
in the drawing. The size of the transparent substrate 12
and the organic EL device 16 are also shown differently
from the actual scale. Further, hatching of the transpar-
ent substrate 12 is omitted in the figures.

[0042] The operation of the lighting device 11 thereby
formed is next described. The lighting device 11 can be
used for a light source for backlighting disposed on the
reverse side (opposite side of the display) of a transmis-
sive type liquid crystal panel 23 (shown in FIG. 1 by a
chain line).

[0043] When electric power to the lighting device 11
is supplied, the voltage is applied between the first elec-
trode 13 and the second electrode 15 to emit light from
the organic EL layer 14. The light emitted from the or-
ganic EL layer 14 enters the transparent substrate 12
by way of the first electrode 13. Among the light which
entered the transparent substrate 12, the light emitted
from the light emitting surface 12b toward the liquid crys-
tal panel 23 is effectively used for illumination light of the
lighting device 11. The operator of the liquid crystal dis-
play device sees the display on the liquid crystal panel
23 by the emitted light.

[0044] When the light scattering members 19 are not
provided, the light that proceeds in a direction having an
angle with respect to the light emitting surface 12b larger
than the critical angle will not be emitted from the light
emitting surface 12b. The incident angle on the light
emitting surface 12b of such light will not be changed
even though the light is thereafter subjected to total re-
flection on the light emitting surface 12b, reflection on
the end faces of the transparent substrate 12, or reenter-
ing the organic EL device 16. The light is thereby emitted
from the end face of the transparent substrate 12 or at-
tenuated in the inside of the transparent substrate 12 or
the organic EL device 16. Note that when a non-alkali
glass having a refractive index of approximately 1.51 is
used for the transparent substrate 12, the critical angle
6c between the atmosphere having a refractive index
approximately 1.00 will be approximately 42 degrees as
provided by the equation for the critical angle, 8¢ = sin-1
(1/1.51).

[0045] On the other hand, since the light emitted by
the organic EL device 16 is irradiated in various direc-
tions, the incident angle on the transparent substrate 12
from the organic EL device 16 also can be various val-
ues. Accordingly, only a portion of the light emitted from
the organic EL device 16 and entering into the transpar-
ent substrate 12 is emitted to the outside from the light-
ing device 11 through the light emitting surface 12b as-
sociated with the organic EL device 16. Accordingly, the
majority part of the light entering the transparent sub-
strate 12 can not be used efficiently when a conventional
device is used that has a light emitting surface 12b only
at regions associated with the organic EL device 16.
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[0046] The lighting device of the first embodiment
guides the light that is not emitted from the region of the
light emitting surface 12b associated with the organic
EL device 16 through the non-associative portion 18.
Since the light scattering members 19 are provided in
the non-associative portion 18, the light is scattered to
change its direction when the guided (transmitted) light
encounters the light scattering members 19. Among the
light whose direction is changed at the light scattering
members 19, a portion of the light is redirected to have
an incident angle with respect to the light emitting sur-
face 12b smaller than the critical angle so that the light
is emitted toward the liquid crystal panel 23 through the
light emitting surface 12b. The light which is redirected
at the light scattering members 19 in the direction oppo-
site to the light emitting surface 12b is directed to the
light reflecting surface 20, transmitted to the light emit-
ting surface 12b, and emitted from the light emitting sur-
face 12b.

[0047] Thelightthatis transmitted with an incident an-
gle with respect to the light emitting surface 12b larger
than the critical angle, without encountering the light
scattering members 19 while it is guided through the
non-associative portion 18 is subjected to total reflection
on the light entering surface 12b to return into the non-
associative portion 18. The light that reached the end
faces of the transparent substrate 12 without encoun-
tering the light scattering member 19 is reflected on the
light reflecting surface 22 and is guided through the non-
associative portion 18 again. Some portion of the light
that has been accordingly redirected into the non-asso-
ciative portion 18 encounters the light scattering mem-
ber 19 while itis guided through the non-associative por-
tion 18 so that it is emitted from the light emitting surface
12b due to the operation of the light scattering members
19 and the light reflecting surface 20 as already de-
scribed. Therefore, the light entering the transparent
substrate 12 from the organic EL device 16 can be ef-
fectively used by providing the non-associative portion
18.

[0048] The first embodiment provides the light scat-
tering portions 21, which are formed by roughening the
light emitting surface 12b in the non-associative portion
18. Thus, some portion of the light incident on the light
emitting surface 12b with an incident angle that can
cause total reflection when the surface is not rough-
ened, is prevented from total reflection so that it is emit-
ted from the light emitting surface 12b.

[0049] The second embodiment of the invention is de-
scribed next by referring to FIGs. 3-5. The illumination
of the second embodiment is distinctive from the first
embodiment in that the light scattering members 19 are
not provided in the non-associative portion 18 and that
the light reflecting member 24 is disposed on a side op-
posite to the light emitting surface 12b in the non-asso-
ciative portion 18. Other constitutions are similar to that
of the first embodiment. Accordingly, the light reflecting
member 24 of the second embodiment acts as the light
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redirecting member.

[0050] Similar reference numerals are applied to the
constitutions similar to those of the first embodiment and
detailed descriptions are omitted. FIG. 3 is a schematic
cross sectional view of the lighting device, FIG. 4 is a
schematic plan view of the lighting device and FIG. 5 is
a schematic showing the operation of the light extracting
surface.

[0051] As shown in FIGs. 3 and 4, the transparent
substrate 12 is formed into a rectangular shape and the
non-associative portions 18 are provided on both sides
in the longitudinal direction. While the light scattering
members 21 are disposed on the surface of the non-
associative portions 18, the light scattering members
are not disposed inside the transparent substrate 12.
The light reflecting member 24 is disposed on the side
opposite to the light emitting surface 12b in the non-as-
sociative potions 18.

[0052] As shown in FIG. 5, a plurality of grooves 25
which form the light extracting surfaces 25a are formed
on the light reflecting member 24 to reflect the light
which is transmitted through the non-associative portion
18 in the direction from the surface opposite to the or-
ganic EL device 16 toward the end face 12c to direct to
the light emitting surface 12b. In the second embodi-
ment the grooves 25 are formed in parallel. The grooves
25 are formed to extend in parallel to the end face 12¢
(in the normal direction to the page of FIG. 5).

[0053] Ineach of the grooves 25 a light extracting sur-
face 25a and a light guiding surface (inclined surface)
25b are alternatively arranged. With the light emitting
surface 12b side of the transparent substrate 12 as-
sumed to be the upper side, the light extracting surface
25a is inclined upwards directing light from the organic
EL device 16 to the end face 12c. The light guiding sur-
face 25b is inclined downwards, directing light from the
surface opposite to the organic EL device 16 to the end
face 12c.

[0054] In other words, the grooves 25 are formed in
parallel and appear as peaks or serrations in the cross
section taken along the longitudinal direction of the
transparent substrate 12. Note that FIG. 5 shows a por-
tion of the light reflecting member 24 which is formed in
the non-associative portion 18 shown in the right hand
side of the organic EL device 16 in FIG. 3. Accordingly,
the end face 12c would exist in the extension in the right
hand side. When the light reflecting member 24 is dis-
posed in the left hand side of the organic EL device 16,
the inclination of the light extracting surface 25a and the
light guiding surface 25b will be symmetrical to those of
the right hand side.

[0055] The light extracting surface 25a is formed to
cause total reflection of the light which is guided through
the non-associative portion 18 toward the end face 12¢
and reaches the light extracting surface 25a, to the di-
rection substantially perpendicular to the light emitting
surface 12b. As shownin FIG. 5, the groove 25 is formed
so that the light extracting surface 25a has an angle 61
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tothe light extracting surface 25a and a plane P1 parallel
to the light emitting surface 12b in a range between, for
example, 35 to 40 degrees, preferably between 40 and
45 degrees. An angle 62 of the light guiding surface 25b
and the plane P1 is for example in the range between
0.3 and 2.5 degrees. While a number of grooves 25 are
formed with a pitch of 1 mm or less, these grooves are
omitted in FIGs. 3 and 4.

[0056] As shown in FIG. 5, in the lighting device 11 of
the second embodiment, the light guided through the
non-associative portion 18 toward the end face 12c and
reaching the light extracting surface 25a is subjected to
total reflection in the direction of the light emitting sur-
face 12b with approximately a vertical angle with respect
to the plane P1 to emit the light from the emitting surface
12b. The light guided through the non-associative por-
tion 18 toward the end face 12cis not always transmitted
straight forward to the light extracting surface 25a.
Some portion of the light reaching the light extracting
surface 25a reaches the surface 25a after being reflect-
ed on the light guiding surface 25b or the light emitting
surface 12b and guided through the non-associative
portion 18. Because the light guiding surface 25b is
formed to incline downward to the end face 12c, the light
not directly reflected toward the light extracting surface
25a can be repeatedly guided so that the light is gradu-
ally directed in the parallel direction to the plane P1. Ac-
cordingly, the light can be efficiently reflected on the light
extracting surface 25a to the light emitting surface 12b
with an angle almost perpendicular with respect to the
plane P1.

[0057] In this way, the light being guided through the
non-associative portion 18 in the direction of the end
face 12c can be emitted efficiently from the light emitting
surface 12b even though the light scattering members
19 are not disposed within the non-associative portion
18.

[0058] The third embodimentis described by referring
FIG. 6. In the third embodiment the transparent sub-
strate 12 is not a plate having a uniform thickness. The
third embodiment is distinctive from the second embod-
iment in that the thickness of the non-associative portion
18 is formed to be thinner as the distance from the por-
tion associated with the organic EL device 16 increases.
Other constitutions are similar to those of the second
embodiment. Namely, the light scattering portion 21,
which is formed by roughening the light emitting surface
12b, with the light reflecting member 24 is formed on the
side opposite to the light emitting surface 12b, and the
light scattering member 21 and the light reflecting mem-
ber 24 act as the light redirecting member. Note that the
light scattering members 19 are not disposed. The
grooves 25 are omitted in FIG. 6. Here, the thickness of
the non-associative portion 18 becomes thinner when it
is viewed macroscopically. Strictly speaking the thick-
ness is gradually decreased with slight increase and de-
crease because the surface provided with the light re-
flecting member 24 has a serrated shape.
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[0059] The light guided through the non-associative
portion 18 toward the end face 12c is emitted from the
light emitting surface 12b by way of the light extracting
surface 25a and the light guiding surface 25b also in the
third embodiment, similarly to the case of the second
embodiment.

[0060] Because the surface provided with the light re-
flecting member 24 is formed to incline toward the light
emitting surface 12b and departs from the portion asso-
ciated with the organic EL device 16, itis easier to obtain
uniform luminosity emitted from the light emitting sur-
face 12b compared to the case where the distance be-
tween the light reflecting member 24 and the light emit-
ting surface 12b is constant.

[0061] The fourth embodiment is described by refer-
ring FIG. 7. In the fourth embodiment, the thickness of
the transparent substrate 12 becomes thinner when
viewed from a macroscopic perspective similarly to the
third embodiment. However, the placement of the light
reflecting member 24 differs from that of the third em-
bodiment. The transparent substrate 12 is formed flat
on the incident surface 12a side, and the light emitting
surface 12b of the non-associative portion 18 is macro-
scopically inclined toward the surface opposite to the
light emitting surface 12b as it departs from the portion
associated with the organic EL device 16. Accordingly,
the light redirecting member comprises the light reflect-
ing surface 20 and the light reflecting member 24.
[0062] The light reflecting member 24 has grooves 25
(not shown in the figure) disposed on the non-associa-
tive portion 18 of the light emitting surface 12b. The light
reflecting surface 20, which is similar to that of the first
embodiment, is disposed on the surface opposite the
light emitting surface 12b in the non-associative potion
18. The light reflecting member 24 is formed to cause
total reflection of the light reaching the light extracting
surface 25a after being guided through the non-associ-
ative potion 18 toward the end face 12c with an angle
almost perpendicular with respect to the light reflecting
surface 20.

[0063] In the fourth embodiment among the light en-
tering the transparent substrate 12, the light guided to-
ward the end face 12c is reflected toward the light re-
flecting surface 20 with an angle almost perpendicular,
by means of the light extracting surface 25a and the light
guiding surface 25b of the light reflecting member 24.
The light is then reflected perpendicularly to the light re-
flecting surface 20 on the light reflecting surface 20 to
exit from the light emitting surface 12b.

[0064] Because the light emitting surface 12b provid-
ed with the light reflecting member 24 is formed to incline
toward the surface opposite to the light emitting surface
12b and departs from the portion associated with the
organic EL device 16, it is easier to obtain uniform lumi-
nosity emitted from the light emitting surface 12b com-
pared to the case where the distance between the light
reflecting member 24 and the light emitting surface 12b
is constant.
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[0065] It should be apparent to those skilled in the art
that the present invention may be embodied in many
other specific forms without departing from the spirit or
scope of the invention. Particularly, it should be under-
stood that the invention may be embodied in the follow-
ing forms.

[0066] The light scattering portion 19 can be formed
into a longitudinal line shape which extends into the di-
rection of thickness of the transparent substrate 12.
[0067] The light scattering portion 19 is not limited to
those formed by laser marking. The light scattering por-
tion 19 can be configured, for example by dispersing
beads which have a refractive index different from that
of the transparent substrate 12.

[0068] The thickness of the non-associative portion
18 can be formed to decrease as departing from the por-
tion associated with the organic EL device 16, also in
the structure that is formed with the light scattering
members 19 and the light reflecting surface 20 are pro-
vided for the light redirecting members without providing
the light reflecting member 24 with a plurality of the
grooves 25, as can be found in the first embodiment.
When the light redirecting member having the light scat-
tering member 19 and the light reflecting surface 20 is
used, the non-associative potion 18 is preferably formed
as substantially wedge shaped in which the thickness
decreases toward the end face 12c when viewed from
a macroscopic perspective.

[0069] The quantity of the organic EL devices 16
formed can be more than one. For example, two organic
EL devices can be formed as shown in FIG. 8. In this
case, itis preferable to dispose the light scattering mem-
bers 19 and the light reflecting surface 20 rather than
providing the light reflecting member 24 for the light re-
directing member.

[0070] The light reflecting surface 20 disposed oppo-
site to the light emitting surface 12b can be provided
with a light scattering member. Accordingly, the light re-
flecting member 20 is not necessarily a flat mirror like
surface, but it can be a reflecting surface in which diffuse
reflection is caused.

[0071] The light redirecting member can be disposed
with a plurality of prism-shaped or lens-shaped projec-
tions arranged in parallel, instead of providing the light
scattering members 21 disposed on the light emitting
surface 12b.

[0072] The light scattering members 21 can be omit-
ted from the light emitting surface 12b.

[0073] The metal film that acts as the light reflecting
surface 22 on the end face of the transparent substrate
12 can be omitted.

[0074] When the luminosity emitted from the light
emitting surface 12b in the portion associated with the
organic EL device 16 is not sufficient, the light scattering
member 21 formed by roughening the surface can also
be formed in the portion associated with the organic EL
device 16.

[0075] Thedistribution of the light scattering members
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19 that form the light redirecting member is not neces-
sarily formed to provide uniform luminosity through the
entire light emitting surface 12b and can be formed so
that the distribution of luminosity varies.

[0076] The organic EL layer 14 is not necessarily
formed to emit white light. The layers emitting single
colors of red, blue, green or' yellow, or a combination
thereof can also be used.

[0077] The lighting device 11 can be formed with the
diffusing sheet on the light emitting surface 12b of the
transparent substrate 12.

[0078] The material of the transparent conductive ma-
terial forming the first electrode 13 is not limited to ITO.
Zinc oxide for example can also be used.

[0079] Itis possible to form the first electrode 13 to be
transparent by using an extremely thin metal film instead
of using transparent material having conductivity. Here,
extremely thin means a thickness below 50 nm, and a
thickness in a range between 0.5 and 20 nm is prefera-
ble.

[0080] Itis possible to use the first electrode 13 as the
cathode, and the second electrode 15 as an anode. In
this case, the structure of the organic EL layer 14 is also
altered to correspond with the electrodes. For example,
the organic EL layer 14 is formed into a three layered
structure of the electron injection layer, the emitting lay-
er and the hole injection layer in this order from the first
electrode 13, or a five layered structure of the electron
injection layer, the electron transport layer, the emitting
layer, the hole transport layer and the hole injection layer
laminated in this order from the first electrode 13.
[0081] The organic EL layer 14 can be a single layer
of the emitting layer, or can be multiple layers in which
the emitting layer and one or more of the hole injection
layer, hole transport layer, hole injection transport layer,
hole blocking layer, electron injection layer, electron
transport layer, electron injection transport layer and
electron blocking layer are laminated.

[0082] In place of a glass substrate, a transparent
substrate comprising resin or a flexible transparent resin
substrate can be used for the transparent substrate 12.
The resin substrate can be lighter in weight compared
to glass substrates.

[0083] The shape of the transparent substrate 12 is
not limited to a rectangular shape. It can be square, tri-
angular, polygonal, such as pentagon or those having
more corners, circular, a circular arc, and so forth. The
shape of the organic EL device 16 is not limited to a
homothetic of the transparent substrate 12. Itis possible
for example to form a rectangular organic EL device 16
on a circular transparent substrate 12.

[0084] The application of the lighting device 11 is not
limited to backlighting. It is also possible to use it as oth-
er lighting devices or as light sources for display devic-
es.

[0085] Inorganic EL devices can also be used in place
of the organic EL devices 16.

[0086] Therefore, the present examples and embod-
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iments are to be considered as illustrative and not re-
strictive and the invention is not to be limited to the de-
tails given herein, but may be modified within the scope
and equivalence of the appended claims.

[0087] A lighting device having an electroluminescent
device formed on an incident surface of a transparent
substrate. The lighting device is characterized by a
light emitting surface opposite to the incident surface be-
ing formed larger than said light emitting surface, and a
light redirecting member disposed at least in a portion
of said transparent substrate that is not associated with
said electroluminescent device, wherein light which en-
ters through said incident surface into said transparent
substrate and proceeds toward a direction in which the
light does not exit from said light emitting surface is re-
directed by said light redirecting member to exit from
said light emitting surface.

Claims

1. Alighting device having an electroluminescent de-
vice formed on an incident surface of a transparent
substrate, characterized by a light emitting surface
opposite to the incident surface being formed larger
than said light emitting surface, and a light redirect-
ing member disposed at least in a portion of said
transparent substrate that is not associated with
said electroluminescent device, wherein light which
enters through said incident surface into said trans-
parent substrate and proceeds toward a direction in
which the light does not exit from said light emitting
surface is redirected by said light redirecting mem-
ber to exit from said light emitting surface.

2. The lighting device according to claim 1 character-
ized by said redirecting member disposed only in
the portion of said transparent substrate that is not
associated with said electroluminescent device.

3. The lighting device according to claim 1 or 2 char-
acterized by said redirecting member comprising
a light reflecting means for reflecting light disposed
atleast on a surface opposite said light emitting sur-
face.

4. The lighting device according to any one of claims
1 to 3 characterized by said light reflecting means
comprising a plurality of grooves which form a light
extracting surface which allows light that is guided
through a portion of said transparent substrate that
is associated with said electroluminescent device
to be reflected to exit from said light emitting sur-
face.

5. The lighting device according to any one of claims
1 to 4 characterized by said light redirecting mem-
ber comprising a light scattering portion.
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6. The lighting device according to any one of claims
1 to 5 characterized by said light redirecting mem-
ber comprising a light scattering portion which is
formed on said light emitting surface.

7. The lighting device according to any one of claims
1 to 6 characterized by the thickness of said trans-
parent substrate decreasing in a portion of said
transparent substrate that is associated with said
electroluminescent device toward an edge of said
substrate.

8. The lighting device according to any one of claims
1 to 7 characterized by said electroluminescent
device being an organic electroluminescent device.
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